Essential role of hydration in aggregation of misfolded prion proteins: quantification by molecular theory of solvation.
A statistical-mechanical, three-dimensional molecular theory of solvation (also know as 3D-RISM) and molecular mechanics were used to study the thermodynamics of aggregation of misfolded prion proteins, based on the theoretical molecular models proposed so far. These include the beta-helical prion trimer (BPT) model of Govaerts et al. (2004), the domain-swapped trimeric prion (DSTP) model of Yang et al. (2005), and the model built after the spiral model of DeMarco and Daggett (2004). It is shown that the solvation contribution to the association free energy can overcome the gain in the internal energy upon association of the proteins. The solvation entropic contribution is as important as the energetic term in the total association free energy. Our calculations show that the spiral-like model is thermodynamically less stable, compared to the DSTP and BPT models. Among the latter two models, the DSTP model is more favorable to association. Quantitative assessment of the solvation effects on the association thermodynamics of prion proteins is provided, and explicitly shows that the solvation contribution is a driving force of the association, in particular, for the existing theoretical models of misfolded prion proteins.